When Cl ion in Ringer's solution is replaced with impermeable anions, the frog skeletal muscle undergoes fibrillation and some muscle fibers show small resting potential ranging from -10 to -30 mV and a slow anode break response after cessation of fibrillation (FALK and LANDA, 1960b ; NAKAJIMA, IWASAKI and OBATA, 1962; SZAIMI and TOMITA, 1963) . The same kind of slow response is also observed in the muscle fiber bathed in K-rich Cl-free solution (ADRIAN, 1960; SZAIMI and TOMITA, 1963) .
On the other hand, in Na-and Cl-free Ringer's solution, neither fibrillation nor small resting potential is observed (FALK and LANDA, 1960a ; ADRIAN and FREYGANG, 1962) . Therefore, it seems interesting to examine how Na ion is related to the slow response observed in Cl-free solution.
In the present experiment, Na was substitute with tris-(hydroxymethyl)-aminomethane and it was found that the slow response was able to be produced even in Na-free solution provided the membrane was depolarized by the conditioning outward current.
METHOD
The experiments were performed on the isolated sartorius muscle of frog (Rana nigromaculata nigromaculata). The method used was essentially the same as that described in the preceding paper (SZAIMI and TOMITA, 1963) . As an inert Na-substitute, tris-(hydroxymethyl)-aminomethane (abbreviated as Tris) was used . When Tris-Cl Ringer's solution was used, Na in Ringer's solution was replaced with an equimolar amount of Tris and pH of the solution was adjusted to 7 .6 with HCl. The pH of 116 mM Tris solution was about 10.5.
When Tris-SO4 Ringer's solution was used, the solution was prepared by adjusting the pH with H2SO4 and Ca was increased to 8 mM in order to maintain the ionized Ca close to the normal level (HODGKIN and HOROWICZ, 1959 Ringer's solution, there were two steps in the rising phase at both the depolarization (FIG. 2, A-2 ) and the hyperpolarization (FIG. 2, A-1 ), one of which was fast and the other, slow. The time course of the falling phase was slower than that of the rising phase. These phenomena became obvious by application of the conditioning depolarization (FIG. 2, A-3 ). In Tris-Cl Ringer's solution, the slow step of the rising phase of the anodal polarization was more prominent than that in Tris-SO4 Ringer's solution. In this case, the time course of the falling phase was faster than that of the rising phase. The difference of the time course between the rising and the falling phases became clear when the conditioning depolarization was applied (FIG. 2, B-3 ). The shape of the cathodal polarization was very different from that of the anodal one. The former showed the short time constant, the gradual decrease of the electrotonic potential (delayed rectification) and slow recovery after termination of the current pulse. The above phenomena became more prominent when the membrane was depolarized and there were overshoot and undershoot of the membrane potential after termination of the anodal and the cathodal pulses respectively (FIG. 2, B-3 The membrane resistance of the depolarized membrane with the conditioning current in Tris-Cl Ringer's solution seemed to increase slowly by the hyperpolarization (FIG. 2, B-3; FIG. 3, B-3 ). To examine this, small pulses were superimposed on the conditioning and the test pulses. As shown in FIG.  4 , the membrane resistance was gradually increased by the hyperpolarization . After termination of the test pulse, the membrane potential promptly returned to the original level or slightly overshot the original level and the membrane resistance reverted to the original valve at once (A-1, 2 in FIG. 4) . There was, however, slow return of the membrane potential and the resistance after termination of the large polarization (A-3, 4). In Tris-SO4 Ringer's solution, the electrotonic potential produced by the long lasting and strong outward current pulse did not completely return to the original level but remained at a little depolarized level (A-2 in FIG . 5 ). This was partly caused by the damage due to movement of the muscle . In Tris-SO4 Ringer's solution, the depolarized membrane (about to -30 mV) with the conditioning outward current produced the same kind of response as that observed in Tris-Cl Ringer's solution after termination of the anodal test pulse (FIG. 5, B) . In this case, however, the response was slower and much clearer. There were slow overshoot after termination of the small anodal test pulse , and a transient increase of the resistance at a peak of the overshoot (FIG . 5, 
FIG. 4. Electrotonic potentials (lower traces) in Tris-Cl Ringer's solution.
Upper traces show applied test current pulses. The membrane was depolarized with the conditioning outward current.
In row A, small repetitive pulses were applied to show the change of the effective membrane resistance.
In row B, the duration of the test current pulse was changed and the pictures were superimposed.
Upper bar: 10-7A; lower bar: 50 mV; horizontal bar: 500 msec (2 sec for B-1). In row B, the membrane was depolarized by the conditioning current and in B-2 and 3, the small repetitive current pulses were superimposed.
Calibration: upper bar, 10-7A; lower bar, 50 mV; horizontal bar, 2 sec. B-2). There was no marked slow increase of the membrane resistance at the start of the hyperpolarization and the resistance was the highest near at the normal resting potential level.
This response was very similar to that observed in Cl-free solution containing normal Na concentration (SZAIMI and TOMITA, 1963).
FIG. 6. The membrane potential changes
(lower traces) produced by rectangular current pulses in 12 mM K Tris-SO4 Ringer's solution (K concentration was corrected by 80% for the apparent degree of dissociation).
In A-2; B-1 and 2, the membrane was depolarized by the conditioning current. In A-3 , the membrane was hyperpolarized by the conditioning current. In order to study the effect of K on the slow anode break response, the external K concentration was increased to 10-20 mM. Similarly as the case in Cl-free Na-Ringer's solution with high K concentration (SZAIMI and TOMITA, 1963), the slow response was observed even in Na-free solution.
This response was augmented by the conditioning depolarization and reduced by the conditioning hyperpolarization (FIG. 6, A) . The response became larger and prolonged by the longer and stronger anodal current pulse (FIG. 6, B; FIG. 7, A-1) .
During the production of the response, the membrane resistance was increased as seen in FIG. 7 . The feature of the slow response obtained in the present experiment was essentially the same as that described in the preceding report, though the slow response of all-or-none type (see FIG. 6 and 9 in the preceding paper, SZAIMI and TOMITA, 1963; NAKAJIMA, IWASAKI and OBA-TA, 1962) was not observed in series of the experiment.
DISCUSSION
In the present experiments, Na was completely omitted from every solution. The differences of the composition in the solutions were of Cl and K concentrations.
Provided sulphate ions do not carry charges through the membrane and do not affect on the property of the membrane, the difference between the membrane resistances in Tris-Cl and Tris-SO4 Ringer's solutions should be due to the Cl conductance of the membrane (ADRIAN and FREYGANG, 1962) .
In Tris-Cl Ringer's solution, the effective membrane resistance is decreased at the depolarization and increased at the hyperpolarization, while it is slightly increased at the depolarization and decreased at the hyperpolarization in Tris-SO4 Ringer's solution.
Though the Cl permeability may be almost constant in a small change of the polarization (HODGKIN and HOROWICZ, 1959 ; ADRIAN, 1960; ADRIAN and FREYGANG, 1962) , in order to explain the experimental fact it is favorable to consider that the Cl permeability is changed at the strong polarization depending on the membrane potential and especially on time.
When the membrane is hyper polarized by the conditioning current and the cathodal test pulse is applied, the time course of the falling phase of the electrotonic potential is much slower than that of the rising phase. It is due to the change of IR-drop produced at the membrane by the conditioning current.
The membrane resistance is decreased at the depolarization due to the increase of the Cl conductance and it is slowly recovered to the original value after termination of the test pulse. For the same reason, when the membrane is depolarized by the conditioning current and the cathodal pulse is applied, IR-drop produced by the conditioning current is decreased and the undershoot is observed after termination of the test pulse due to the decrease of the membrane resistance.
The time course of the electrotonic potential produced by the outward current pulse in Tris-Cl Ringer's solution is different from that in Tris-SO4 Ringer's solution at the same potential level. The former shows the delayed rectification. In other words, the Cl conductance may be slowly changed with time as in the case of the K conductance, but the former seems to be more clearly changed than the latter in the muscle membrane.
The mechanism of production of the delayed rectification in the muscle membrane seems to have some relation to the change of the Cl conductance though it has been explained only by the change of the K conductance (HODGKIN, HUXLEY and KATZ, 1949; ENERICK, 1959; NARAHASHI, URAKAWA and OHKUBO, 1960) .
When the membrane is depolarized by the conditioning current and the anodal test pulse is applied, the membrane resistance is increased at the hyperpolarization due to the decrease of the Cl conductance and it is slowly recovered after termination of the test pulse. As the result, IR-drop is increased and the overshoot is produced after termination of the test pulse. The Cl conductance is slowly decreased at the hyperpolarization by the test pulse depending on the membrane potential.
It is similar to the change of the K conductance observed in the hyperpolarizing response at the nerve membrane in K-rich solution (SEGAL, 1958; STAMPFLI, 1958; TASAKI, 1959 ). This phenomenon becomes clearer when the Cl conductance is in advance decreased by the conditioning depolarization.
In Tris-SO4 Ringer's solution, the membrane might show mainly the property of K conductance. In this case, so-called "anomalous rectification" is seen but not so clearly.
The membrane resistance increases at the depolarization, but it begins to decrease over the membrane potential of about -20 mV. This may be a factor determining the resting potential in Cl-free Ringer's solution.
When the membrane was depolarized by the conditioning current in Tris-SO4 Ringer's solution, the slow break response appeared after termination of the large anodal test pulse of long duration.
It is considered due to the slow recovery of the K conductance increased at the hyperpolarization and due to the transient increase of the K conductance at the start of the depolarization (NAKAJIMA, IWASAKI and OBATA, 1962). The membrane potential remains at the more negative level because it tends to approach the K equilibrium potential due to the increase of the K conductance and because IR-drop produced by the conditioning current is decreased.
Since the phenomenon is considered to be quite similar to that observed in Cl-free Ringer's solution containing normal concentration of Na (SZAIMI and TOMITA, 1963), the production of the slow break response may be explained mainly by the change of the K conductance, and the Na conductance is not considered to have any relation to it. The reason why the slow break response is not remarkable in Tris-Cl Ringer's solution may be because the change of the K conductance is covered by the change of the Cl conductance which is opposed to the change of the K conductance.
The slow break response in K-rich Tris-SO4 Ringer's solution always overshoots the original potential level and the effective membrane resistance is increased during the production of the response, which might be due to approaching of the membrane potential to the Cl equilibrium potential by the decrease of the K conductance at the hyperpolarization. The response observed in K-rich Tris-SO4 Ringer's solution seems essentially the same as that observed in K-rich Cl-free solution with normal concentration of Na. This response might be explained mainly by the change of the K conductance, and the effect of Na on it can be ignored.
However, the ordinary action potential and the slow response of all-or-none type are not seen in Na-free Ringer's solution.
Na may play an essential role on the slow response of all-or-none type which is observed in Cl-free solution containing normal Na concentration.
In K-rich Tris-SO4 Ringer's solution, the slow break response was often accompanied with the muscle contraction. It can not be excluded that the electrical slow response has some relation to the contractile activity. SUMMARY 1. In Ringer's solution in which Na was replaced with Tris-(hydroxymethyl)-aminomethane (abbreviated as Tris), the electrical properties of the sartorius muscle fiber of a frog (Rana nigromaculata nigromaculata) was investigated. 2. In Tris-Cl Ringer's solution, the effective membrane resistance was decreased at the depolarization and increased at the hyperpolarization, while in Tris-SO4 Ringer's solution it was increased at the depolarization and decreased at the hyperpolarization.
It might be due to the change of the Cl conductance at the strong polarization.
The Cl conductance was also changed with time and it seemed to be one of the reasons to produce the delayed rectification. 3. In Tris-SO4 Ringer's solution, the same graded slow response as that in Cl-free solution with normal Na concentration was observed after termination of the strong anodal pulse.
Na is not considered to have an essential effect on the response in Cl-free solution.
The same result was also obtained in K-rich solution.
The slow break response appeared as a negative potential component in low K solution, while it did as a positive potential component in K-rich solution.
In the former, the effective membrane resistance was decreased during the production of the response, while in the latter it was increased.
It might be explained mainly by the change of the K conductance.
